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BACKGROUND

Techniques for using multiple antennas have been used in
cellular wireless communication systems as an effective
means to improve robustness of data transmission and
achieve higher data throughput. One of the multiple antenna
techniques is space-time block coding (STBC). STBC is
based on introducing joint correlations in transmitted signals
in both the space and time domains to provide transmit diver-
sity to combat fading channels.

The Alamouti scheme is the space-time block code to pro-
vide transmit diversity for systems with two transmit anten-
nas. The Alamouti-based space-time block code has been
widely used because of its simplicity and no need for the
transmitter to know the channel state information (CSI) and
therefore no need of channel feedback. Due to its effective-
ness and easy implementation, the Alamouti-based space-
time block code has been adopted into many wireless sys-
tems, such as WiMAX and WiFi. In third generation
partnership project (3GPP), it was introduced in downlink
transmissions in universal mobile telecommunication system
(UMTS) since Release 99 and also adopted in downlink high
speed downlink packet access (HSDPA) over higher speed
data channels in Release 5. In the 3GPP standard, the imple-
mentation of Alamouti scheme is known as space time trans-
mit diversity (STTD).

Enhanced uplink (EU), (also known as high speed uplink
packet access (HSUPA)), is a feature that was introduced in
3GPP Release 6 to provide higher data rates in the uplink of
UMTS wireless systems. The HSUPA may be configured to
allow for much faster scheduling of uplink transmissions as
well as lower overall data transmission latency.

Multiple antenna transmission/reception techniques with
advanced signal processing are often referred to as multiple-
input multiple-output (MIMO). MIMO has been widely stud-
ied and may significantly improve the performance of wire-
less communication systems.

Multiple antenna techniques have been widely adopted in
many wireless communication systems such as IEEE 802.11n
based wireless local area network access points and cellular
systems like wideband code division multiple access
(WCDMA )/high speed packet access (HSPA) and long term
evolution (LTE). MIMO is introduced in WiMAX as well as
in 3GPP. More advanced MIMO enhancements are currently
being studied for 3GPP Release 9 and 10. Currently, only
downlink (DL) MIMO is specified in 3GPP WCDMA stan-
dard.

SUMMARY

Method and apparatus for uplink transmission using mul-
tiple antennas are disclosed. A wireless transmit/receive unit
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2

(WTRU) performs space time transmit diversity (STTD)
encoding on an input stream of a physical channel configured
for STTD. Each physical channel may be mapped to either an
in-phase (I) branch or a quadrature-phase (Q) branch. The
STTD encoding generates a plurality of output streams such
that the input stream is not changed for one output stream, and
symbols of the input stream is switched and a constellation
point of one symbol is changed to an opposite constellation
point on an [ branch or a Q branch for the other output stream.
All configured physical channels on an I branch and a Q
branch are combined, respectively, to generate a plurality of
combined streams in a complex format, and the combined
streams are transmitted via a plurality of antennas.

The physical channel configured for STTD may include at
least one of an enhanced dedicated channel (E-DCH) dedi-
cated physical data channel (E-DPDCH), an E-DCH dedi-
cated physical control channel (E-DPCCH), a high speed
dedicated physical control channel (HS-DPCCH), a dedi-
cated physical control channel (DPCCH), and a dedicated
physical data channel (DPDCH).

The WTRU may perform the STTD encoding either in a
binary domain or in a complex domain. For the complex
domain STTD encoding, the STTD encoding is performed on
a block of complex-valued chips corresponding to one or an
integer multiple of a largest spreading factor among the
physical channels.

A WTRU may perform pre-coding on at least one type of
uplink physical channel including the E-DPDCH with the
pre-coding weights, and transmitting the pre-coded output
streams via a plurality of antennas. Either multiple E-DPDCH
data streams may be transmitted using multiple-input mul-
tiple-output (MIMO) or a single E-DPDCH data stream may
be transmitted using a closed loop transmit diversity depend-
ing on the E-DPDCH configuration. The pre-coding may be
performed either after or before the spreading operation.

BRIEF DESCRIPTION OF THE DRAWINGS

A more detailed understanding may be had from the fol-
lowing description, given by way of example in conjunction
with the accompanying drawings wherein:

FIG. 1A is a system diagram of an example communica-
tions system in which one or more disclosed embodiments
may be implemented;

FIG. 1B is a system diagram of an example wireless trans-
mit/receive unit (WTRU) that may be used within the com-
munications system illustrated in FIG. 1A;

FIG. 1C is a system diagram of an example radio access
network and an example core network that may be used
within the communications system illustrated in FIG. 1A;

FIG. 2 shows an STTD transmitter in accordance with one
embodiment;

FIG. 3 shows an STTD transmitter in accordance with
another embodiment;

FIG. 4 shows an STTD transmitter in accordance with
another embodiment;

FIG. 5 shows an STTD transmitter in accordance with
another embodiment;

FIG. 6 shows an STTD transmitter in accordance with
another embodiment;

FIG. 7 shows an STTD transmitter in accordance with
another embodiment;

FIG. 8 shows an STTD transmitter in accordance with
another embodiment;

FIGS. 9(A)-9(D) show transmission schemes for the non-
STTD channel(s);
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FIGS. 10(A) and 10(B) show example binary STTD
encoders for binary phase shift keying (BPSK) modulated
data transmission;

FIGS. 11(A) and 11(B) show example STTD encoders for
4-level pulse amplitude modulation (4PAM) modulation;

FIGS. 12(A) and 12(B) show example STTD encoders for
8PAM,

FIG. 13 shows an example transmitter structure with a dual
binary STTD encoder;

FIG. 14 shows an example STTD transmitter with a com-
plex STTD encoder;

FIG. 15 shows an example complex STTD encoding pro-
cess;

FIG. 16 shows STTD symbol configuration with different
spreading factors (SFs);

FIG. 17 illustrates an exemplary complex STTD encoding
applied to the HSUPA data channels;

FIG. 18 shows the corresponding block encoder in accor-
dance with this embodiment;

FIG. 19 shows an example transmitter in accordance with
one embodiment;

FIG. 20 shows an example transmitter in accordance with
another embodiment;

FIG. 21 shows an example transmitter in accordance with
another embodiment;

FIG. 22 shows an example transmitter in accordance with
another embodiment;

FIG. 23 shows an example transmitter in accordance with
another embodiment;

FIG. 24 shows an example transmitter in accordance with
another embodiment;

FIG. 25 shows an example transmitter in accordance with
another embodiment;

FIG. 26 shows the spreading operation, which includes
spreading with a given channelization code, weighting, and
1Q phase mapping;

FIG. 27 shows an example pre-coder for the dual stream
case;

FIG. 28 shows another example pre-coder for the dual
stream case;

FIG. 29 shows another example pre-coder for the dual
stream case;

FIG. 30 shows an example transmitter for the two stream
case;

FIG. 31A shows an example UPCI signaling using an
E-HICH;

FIG. 31B illustrates the case where one out of seven
E-HICH subframes carries the UPCI field;

FIG. 32 shows an example transmitter for transmitting
uplink precoding control information (UPCI) for two
WTRUs via an E-DCH channel state information channel
(E-CSICH) in accordance with one embodiment;

FIG. 33 shows another example transmitter for transmit-
ting UPCI for two WTRUs via an E-CSICH in accordance
with another embodiment;

FIG. 34 shows another example transmitter for transmit-
ting UPCI for two WTRUs via an E-CSICH in accordance
with another embodiment;

FIG. 35 shows an F-DPCH format in accordance with this
embodiment;

FIGS. 36 and 37 show signaling of PHI and POI using the
transmitter structure shown in FIGS. 32 and 34, respectively;

FIGS. 38 and 39 show signaling of UPCI and rank indica-
tion (RI) using the transmitter structure shown in FIGS. 32
and 34, respectively;

FIG. 40 shows an example frame format for the E-CSICH.
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4
DETAILED DESCRIPTION

FIG. 1A is a diagram of an example communications sys-
tem 100 in which one or more disclosed embodiments may be
implemented. The communications system 100 may be a
multiple access system that provides content, such as voice,
data, video, messaging, broadcast, etc., to multiple wireless
users. The communications system 100 may enable multiple
wireless users to access such content through the sharing of
system resources, including wireless bandwidth. For
example, the communications systems 100 may employ one
or more channel access methods, such as code division mul-
tiple access (CDMA), time division multiple access
(TDMA), frequency division multiple access (FDMA),
orthogonal FDMA (OFDMA), single-carrier FDMA (SC-
FDMA), and the like.

As shownin FIG. 1A, the communications system 100 may
include wireless transmit/receive units (WTRUs) 102a, 1025,
102¢, 1024, a radio access network (RAN) 104, a core net-
work 106, a public switched telephone network (PSTN) 108,
the Internet 110, and other networks 112, though it will be
appreciated that the disclosed embodiments contemplate any
number of WTRUS, base stations, networks, and/or network
elements. Each ofthe WTRUs 1024, 1025,102¢, 1024 may be
any type of device configured to operate and/or communicate
in a wireless environment. By way of example, the WTRUs
102a, 1025, 102¢, 1024 may be configured to transmit and/or
receive wireless signals and may include user equipment
(UE), a mobile station, a fixed or mobile subscriber unit, a
pager, a cellular telephone, a personal digital assistant (PDA),
a smartphone, a laptop, a netbook, a personal computer, a
wireless sensor, consumer electronics, and the like.

The communications systems 100 may also include a base
station 114a and a base station 1145. Each of the base stations
114a, 1145 may be any type of device configured to wire-
lessly interface with at least one of the WIRUs 102a, 1025,
102, 1024 to facilitate access to one or more communication
networks, such as the core network 106, the Internet 110,
and/or the networks 112. By way of example, the base sta-
tions 114a, 1145 may be a base transceiver station (BTS), a
Node-B, an eNode B, a Home Node B, a Home eNode B, a
site controller, an access point (AP), a wireless router, and the
like. While the base stations 114a, 1145 are each depicted as
a single element, it will be appreciated that the base stations
114a, 1145 may include any number of interconnected base
stations and/or network elements.

The base station 114a may be part of the RAN 104, which
may also include other base stations and/or network elements
(not shown), such as a base station controller (BSC), a radio
network controller (RNC), relay nodes, etc. The base station
114a and/or the base station 1145 may be configured to trans-
mit and/or receive wireless signals within a particular geo-
graphic region, which may be referred to as a cell (not shown).
The cell may further be divided into cell sectors. For example,
the cell associated with the base station 114a may be divided
into three sectors. Thus, in one embodiment, the base station
114a may include three transceivers, i.e., one for each sector
of'the cell. In another embodiment, the base station 114a may
employ multiple-input multiple output (MIMO) technology
and, therefore, may utilize multiple transceivers for each sec-
tor of the cell.

The base stations 114a, 1145 may communicate with one
or more of the WTRUs 102a, 1025, 102¢, 1024 over an air
interface 116, which may be any suitable wireless communi-
cation link (e.g., radio frequency (RF), microwave, infrared
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(IR), ultraviolet (UV), visible light, etc.). The air interface
116 may be established using any suitable radio access tech-
nology (RAT).

More specifically, as noted above, the communications
system 100 may be a multiple access system and may employ
one or more channel access schemes, such as CDMA,
TDMA, FDMA, OFDMA, SC-FDMA, and the like. For
example, the base station 114a in the RAN 104 and the
WTRUs 1024, 1025, 102¢ may implement a radio technology
such as Universal Mobile Telecommunications System
(UMTS) Terrestrial Radio Access (UTRA), which may estab-
lish the air interface 116 using wideband CDMA (WCDMA).
WCDMA may include communication protocols such as
High-Speed Packet Access (HSPA) and/or Evolved HSPA
(HSPA+). HSPA may include High-Speed Downlink Packet
Access (HSDPA) and/or High-Speed Uplink Packet Access
(HSUPA).

In another embodiment, the base station 114a and the
WTRUs 1024, 1025, 102¢ may implement a radio technology
such as Evolved UMTS Terrestrial Radio Access (E-UTRA),
which may establish the air interface 116 using Long Term
Evolution (LTE) and/or LTE-Advanced (LTE-A).

In other embodiments, the base station 114a and the
WTRUs 1024, 1025, 102¢ may implement radio technologies
such as IEEE 802.16 (i.e., Worldwide Interoperability for
Microwave Access (WiMAX)), CDMA2000, CDMA2000
1X, CDMA2000 EV-DO, Interim Standard 2000 (IS-2000),
Interim Standard 95 (IS-95), Interim Standard 856 (IS-856),
Global System for Mobile communications (GSM),
Enhanced Data rates for GSM Evolution (EDGE), GSM
EDGE (GERAN), and the like.

The base station 1145 in FIG. 1A may be a wireless router,
Home Node B, Home eNode B, or access point, for example,
and may utilize any suitable RAT for facilitating wireless
connectivity in a localized area, such as a place of business, a
home, a vehicle, a campus, and the like. In one embodiment,
the base station 1145 and the WTRUs 102¢, 1024 may imple-
ment a radio technology such as IEEE 802.11 to establish a
wireless local area network (WLAN). In another embodi-
ment, the base station 1145 and the WTRUs 102¢, 1024 may
implement a radio technology such as IEEE 802.15 to estab-
lish a wireless personal area network (WPAN). In yet another
embodiment, the base station 1145 and the WTRUs 102¢,
102d may utilize a cellular-based RAT (e.g., WCDMA,
CDMA2000, GSM, LTE, LTE-A, etc.) to establish a picocell
or femtocell. As shown in FIG. 1A, the base station 11456 may
have a direct connection to the Internet 110. Thus, the base
station 1145 may not be required to access the Internet 110 via
the core network 106.

The RAN 104 may be in communication with the core
network 106, which may be any type of network configured to
provide voice, data, applications, and/or voice over internet
protocol (VoIP) services to one or more of the WTRUs 102a,
1025, 102¢, 102d. For example, the core network 106 may
provide call control, billing services, mobile location-based
services, pre-paid calling, Internet connectivity, video distri-
bution, etc., and/or perform high-level security functions,
such as user authentication. Although not shown in FIG. 1A,
it will be appreciated that the RAN 104 and/or the core net-
work 106 may be in direct or indirect communication with
other RANs that employ the same RAT as the RAN 104 or a
different RAT. For example, in addition to being connected to
the RAN 104, which may be utilizing an E-UTRA radio
technology, the core network 106 may also be in communi-
cation with another RAN (not shown) employing a GSM
radio technology.
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The core network 106 may also serve as a gateway for the
WTRUs 1024, 1025, 102¢, 102d to access the PSTN 108, the
Internet 110, and/or other networks 112. The PSTN 108 may
include circuit-switched telephone networks that provide
plain old telephone service (POTS). The Internet 110 may
include a global system of interconnected computer networks
and devices that use common communication protocols, such
as the transmission control protocol (TCP), user datagram
protocol (UDP) and the internet protocol (IP) in the TCP/IP
internet protocol suite. The networks 112 may include wired
or wireless communications networks owned and/or operated
by other service providers. For example, the networks 112
may include another core network connected to one or more
RANSs, which may employ the same RAT as the RAN 104 or
a different RAT.

Some or all of the WTRUs 1024, 1025, 102¢, 1024 in the
communications system 100 may include multi-mode capa-
bilities, i.e., the WTRUs 102a, 1025, 102¢, 102d may include
multiple transceivers for communicating with different wire-
less networks over different wireless links. For example, the
WTRU 102¢ shown in FIG. 1A may be configured to com-
municate with the base station 1144, which may employ a
cellular-based radio technology, and with the base station
1145, which may employ an IEEE 802 radio technology.

FIG. 1B is a system diagram of an example WTRU 102. As
shown in FIG. 1B, the WTRU 102 may include a processor
118, a transceiver 120, a transmit/receive element 122, a
speaker/microphone 124, a keypad 126, a display/touchpad
128, non-removable memory 106, removable memory 132, a
power source 134, a global positioning system (GPS) chipset
136, and other peripherals 138. It will be appreciated that the
WTRU 102 may include any sub-combination of the forego-
ing elements while remaining consistent with an embodi-
ment.

The processor 118 may be a general purpose processor, a
special purpose processor, a conventional processor, a digital
signal processor (DSP), a plurality of microprocessors, one or
more microprocessors in association with a DSP core, a con-
troller, a microcontroller, Application Specific Integrated Cir-
cuits (ASICs), Field Programmable Gate Array (FPGAs) cir-
cuits, any other type of integrated circuit (IC), a state
machine, and the like. The processor 118 may perform signal
coding, data processing, power control, input/output process-
ing, and/or any other functionality that enables the WTRU
102 to operate in a wireless environment. The processor 118
may be coupled to the transceiver 120, which may be coupled
to the transmit/receive element 122. While FIG. 1B depicts
the processor 118 and the transceiver 120 as separate compo-
nents, it will be appreciated that the processor 118 and the
transceiver 120 may be integrated together in an electronic
package or chip.

The transmit/receive element 122 may be configured to
transmit signals to, or receive signals from, a base station
(e.g., the base station 114a) over the air interface 116. For
example, in one embodiment, the transmit/receive element
122 may be an antenna configured to transmit and/or receive
RF signals. In another embodiment, the transmit/receive ele-
ment 122 may be an emitter/detector configured to transmit
and/or receive IR, UV, or visible light signals, for example. In
yet another embodiment, the transmit/receive element 122
may be configured to transmit and receive both RF and light
signals. It will be appreciated that the transmit/receive ele-
ment 122 may be configured to transmit and/or receive any
combination of wireless signals.

In addition, although the transmit/receive element 122 is
depicted in FIG. 1B as a single element, the WTRU 102 may
include any number of transmit/receive elements 122. More
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specifically, the WIRU 102 may employ MIMO technology.
Thus, in one embodiment, the WTRU 102 may include two or
more transmit/receive elements 122 (e.g., multiple antennas)
for transmitting and receiving wireless signals over the air
interface 116.

The transceiver 120 may be configured to modulate the
signals that are to be transmitted by the transmit/receive ele-
ment 122 and to demodulate the signals that are received by
the transmit/receive element 122. As noted above, the WTRU
102 may have multi-mode capabilities. Thus, the transceiver
120 may include multiple transceivers for enabling the
WTRU 102 to communicate via multiple RATs, such as
UTRA and IEEE 802.11, for example.

The processor 118 of the WTRU 102 may be coupled to,
and may receive user input data from, the speaker/micro-
phone 124, the keypad 126, and/or the display/touchpad 128
(e.g., a liquid crystal display (LCD) display unit or organic
light-emitting diode (OLED) display unit). The processor 118
may also output user data to the speaker/microphone 124, the
keypad 126, and/or the display/touchpad 128. In addition, the
processor 118 may access information from, and store data in,
any type of suitable memory, such as the non-removable
memory 106 and/or the removable memory 132. The non-
removable memory 106 may include random-access memory
(RAM), read-only memory (ROM), a hard disk, or any other
type of memory storage device. The removable memory 132
may include a subscriber identity module (SIM) card, a
memory stick, a secure digital (SD) memory card, and the
like. In other embodiments, the processor 118 may access
information from, and store data in, memory that is not physi-
cally located on the WTRU 102, such as on a server or ahome
computer (not shown).

The processor 118 may receive power from the power
source 134, and may be configured to distribute and/or con-
trol the power to the other components in the WTRU 102. The
power source 134 may be any suitable device for powering
the WTRU 102. For example, the power source 134 may
include one or more dry cell batteries (e.g., nickel-cadmium
(NiCd), nickel-zinc (NiZn), nickel metal hydride (NiMH),
lithium-ion (Li-ion), etc.), solar cells, fuel cells, and the like.

The processor 118 may also be coupled to the GPS chipset
136, which may be configured to provide location informa-
tion (e.g., longitude and latitude) regarding the current loca-
tion of the WTRU 102. In addition to, or in lieu of, the
information from the GPS chipset 136, the WTRU 102 may
receive location information over the air interface 116 from a
base station (e.g., base stations 114a, 1145b) and/or determine
its location based on the timing of the signals being received
from two or more nearby base stations. It will be appreciated
that the WTRU 102 may acquire location information by way
of any suitable location-determination method while remain-
ing consistent with an embodiment.

The processor 118 may further be coupled to other periph-
erals 138, which may include one or more software and/or
hardware modules that provide additional features, function-
ality and/or wired or wireless connectivity. For example, the
peripherals 138 may include an accelerometer, an e-compass,
a satellite transceiver, a digital camera (for photographs or
video), a universal serial bus (USB) port, a vibration device,
a television transceiver, a hands free headset, a Bluetooth®
module, a frequency modulated (FM) radio unit, a digital
music player, a media player, a video game player module, an
Internet browser, and the like.

FIG. 1C is a system diagram of the RAN 104 and the core
network 106 according to an embodiment. As noted above,
the RAN 104 may employ a UTRA radio technology to
communicate with the WTRUs 1024, 1025, 102¢ over the air
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interface 116. The RAN 104 may also be in communication
with the core network 106. As shown in FIG. 1C, the RAN
104 may include Node-Bs 1404, 1405, 140c¢, which may each
include one or more transceivers for communicating with the
WTRUs 102a, 1025, 102¢ over the air interface 116. The
Node-Bs 140a, 1405, 140¢ may each be associated with a
particular cell (not shown) within the RAN 104. The RAN
104 may also include RNCs 1424, 1425. It will be appreciated
that the RAN 104 may include any number of Node-Bs and
RNCs while remaining consistent with an embodiment.

As shown in FIG. 1C, the Node-Bs 1404, 14056 may be in
communication with the RNC 142a. Additionally, the
Node-B 140¢ may be in communication with the RNC 14254.
The Node-Bs 140a, 1405, 140c may communicate with the
respective RNCs 1424, 1425 via an Iub interface. The RNCs
142a,142b may be in communication with one another via an
Tur interface. Each of the RNCs 1424, 1425 may be config-
ured to control the respective Node-Bs 140a, 14056, 140c¢ to
which it is connected. In addition, each of the RNCs 142a,
1425 may be configured to carry out or support other func-
tionality, such as outer loop power control, load control,
admission control, packet scheduling, handover control, mac-
rodiversity, security functions, data encryption, and the like.

The core network 106 shown in FIG. 1C may include a
media gateway (MGW) 144, a mobile switching center
(MSC) 146, a serving GPRS support node (SGSN) 148, and/
or a gateway GPRS support node (GGSN) 150. While each of
the foregoing elements are depicted as part of the core net-
work 106, it will be appreciated that any one of these elements
may be owned and/or operated by an entity other than the core
network operator.

The RNC 142a in the RAN 104 may be connected to the
MSC 146 in the core network 106 via an IuCS interface. The
MSC 146 may be connected to the MGW 144. The MSC 146
and the MGW 144 may provide the WTRUs 1024, 1025,102¢
with access to circuit-switched networks, such as the PSTN
108, to facilitate communications between the WTRUs 102a,
10256, 102¢ and traditional land-line communications
devices.

The RNC 1424 in the RAN 104 may also be connected to
the SGSN 148 in the core network 106 via an [uPS interface.
The SGSN 148 may be connected to the GGSN 150. The
SGSN 148 and the GGSN 150 may provide the WTRUs 1024,
1024, 102¢ with access to packet-switched networks, such as
the Internet 110, to facilitate communications between and
the WIRUs 1024, 1025, 102¢ and IP-enabled devices.

As noted above, the core network 106 may also be con-
nected to the networks 112, which may include other wired or
wireless networks that are owned and/or operated by other
service providers.

It should be noted that although the embodiments will be
described hereinafter in the context of 3GPP WCDMA, they
are also applicable to any other wireless communication sys-
tems including, but not limited to, 3GPP LTE, LTE-Ad-
vanced, general packet radio services (GPRS), CDMA2000,
WiMAX, WiFi, IEEE 802 .x systems, and the like.

In 3GPP WCDMA, different uplink channels may be con-
figured for different purposes and applications. A dedicated
physical control channel (DPCCH) and a dedicated physical
data channel (DPDCH) are the control and data channels
introduced in Release 99. High speed downlink packet access
(HSDPA) was introduced in Release 5, and a high speed
dedicated physical control channel (HS-DPCCH) serves as a
control channel for the HSDPA services. The HS-DPCCH
carries channel quality indication and hybrid automatic
repeat request (HARQ) acknowledgement. In Release 6,
enhanced dedicated channel (E-DCH) services have been
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introduced. An E-DCH dedicated physical control channel
(E-DPCCH) and an E-DCH dedicated physical data channel
(E-DPDCH) are the control and data channels for E-DCH
services. The DPCCH is used to enable channel estimation at
the Node-Bs, to maintain a stable power control loop, and to
provide baseline reference for all other channels in terms of
error rate control and grant allocation.

The STTD encoding may be implemented with two or
more transmit antennas, each of which may be associated
with its own transmit chain including modulation mapper,
spreader, I/QQ combining, scrambler, and separate radio fron-
tend. Hereafter, the embodiments will be explained with ref-
erence to the STTD transmitter with two transmit antennas.
However, it should be noted that the embodiments may be
extended to any number of transmit antennas and to any type
of spatial diversity or spatial multiplexing multiple antenna
transmission techniques.

The STTD encoder, as will be described in detail below,
performs space-time processing over the data stream or signal
to be transmitted and distributes its outputs to the two or more
transmit chains. After the STTD encoder, the signals operate
independently without interaction between the two or more
transmit chains.

FIG. 2 shows an STTD transmitter 200 in accordance with
one embodiment. In accordance with this embodiment, the
STTD encoding may be applied to a high speed uplink data
channel(s), (i.e., an E-DPDCH), and it may not be applied to
other channels. The STTD transmitter 200 comprises a first
physical layer processing block 202, an STTD processing
block 204, second physical layer processing blocks 206, third
physical layer processing blocks 208, channel combiners
210, and scramblers 212.

The first, second, and third physical layer processing
blocks 202, 206, 208 may perform the conventional signal
processing functions including modulation mapping, chan-
nelization code spreading, gain scaling, and I/Q combining,
or any other functions. FIG. 2 shows that the STTD process-
ing block 204 is placed between the first and second physical
processing blocks 202, 206, but the STTD processing block
204 may be placed at any stage of the physical layer process-
ing, and the functions performed by the first and second
physical layer processing blocks 202, 206 may be configured
differently.

One or more E-DPDCHs may be configured for a WTRU.
The E-DPDCHC(s) is processed by the first physical layer
processing block 202 and then processed by the STTD pro-
cessing block 204. The STTD processing block 204 outputs
two or more signal streams depending on the number of
transmit antennas. The STTD processing block 204 performs
either binary STTD encoding or complex STTD encoding,
and may perform the STTD encoding either on a bit/symbol
level or on a block level, which will be explained in detail
below. If multiple E-DPDCHs are configured, multiple
E-DPDCHs may be processed individually or jointly depend-
ing on the STTD encoder structure. The physical channels,
(i.e., E-DPDCHs), are initially formed as real valued and each
physical channel may be mapped to either I branch or Q
branch. At I/Q combining stage in the physical layer process-
ing block (either the first physical layer processing block 202
or the second physical layer processing block 206), the physi-
cal channels mapped to either the I branch or the Q branch to
form complex signals. Non-STTD channels are processed by
the third physical layer processing block(s) 208. Which non-
STTD channel is mapped to which transmit antenna is
explained in detail below. The channel combining block 210
on each transmit path merges the signal streams from all the
channels mapped to the corresponding antenna including the
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non-STTD channels and E-DPDCHs into a complex signal.
The channel combined signal streams are then scrambled by
scramblers 212 and transmitted via the antennas.

FIG. 3 shows an STTD transmitter 300 in accordance with
another embodiment. In accordance with this embodiment,
the STTD encoding is performed on HSUPA channels, (i.e.,
an E-DPDCH(s) and an E-DPCCH), and it may not be applied
to other channels. The STTD transmitter 300 comprises first
physical layer processing blocks 302a, 3025, STTD process-
ing blocks 304a, 3045, second physical layer processing
blocks 306a, 3065, third physical layer processing blocks
308, channel combiners 310, and scramblers 312.

The first, second, and third physical layer processing
blocks 302a/3025,306a, 3065, 308 may perform the conven-
tional signal processing functions including modulation map-
ping, channelization code spreading, gain scaling, and I/Q
combining, or any other functions. FIG. 3 shows that the
STTD processing blocks 304a/3045 are placed between the
first and second physical processing blocks 302a/3025 and
306a/306b, but the STTD processing blocks 304a/3045 may
be placed at any stage of the physical layer processing, and the
functions performed by the first and second physical layer
processing blocks 302a/3025, 3064/3065 may be configured
differently.

The E-DPCCH is processed by the first physical layer
processing block 302a and then processed by the STTD pro-
cessing block 304a. One or more E-DPDCHs may be config-
ured for a WTRU. The E-DPDCH(s) is processed by the first
physical layer processing block 30256 and then processed by
the STTD processing block 3045. Each of the STTD process-
ing blocks 304a/3045 outputs two or more signal streams
depending on the number of transmit antennas. The STTD
processing blocks 304a/3045 perform either binary STTD
encoding or complex STTD encoding, and may perform the
STTD encoding either on a bit/symbol level or on a block
level, which will be explained in detail below. If multiple
E-DPDCHs are configured, multiple E-DPDCHs may be pro-
cessed individually or jointly depending on the STTD
encoder structure. The physical channels, (i.e., E-DPDCHs,
E-DPCCH), are initially formed as real valued and each
physical channel may be mapped to either I branch or Q
branch. At [/Q combining stage in the physical layer process-
ing block (either the first physical layer processing block
302a/3025 or the second physical layer processing block
306a/306b), the physical channels are mapped to either the I
branch or the Q branch to form complex signals. Non-STTD
channels are processed by the third physical layer processing
block(s) 308. The channel combining block 310 on each
trans